Transient current (I-t), current-voltage (I-V) characteristics, and dc conductivity ln(σ) for bisphenol A corncobs (BPACC) sample were investigated. At higher temperatures, I-V characteristics reveal that the dc current for the sample undergoes two regions one due to ohmic conduction and the other has been attributed to Space charge limited current (SCLC). The activation energy (E a ), the electron mobility (μ o ), effective electron mobility (μ e ), the concentration of the charge's concentrations in conduction band, trapping factor (θ) and the trap concentration (N t ) were calculated. At lower temperatures, the dc current exhibits a peculiar behavior for I-t regime and I-V characteristics. Transient current of BPACC sample exhibits approximately constant value at constant electric field and it has saturation value for I-V characteristics. The attained results suggest strongly the applicability of this material in the electrical applications.
Introduction
Phenol and phenolic derivatives are major industrial (petroleum, chemical and plastic) and agricultural by product that are found on surface of water as well as in food and clinical samples. Among these, bisphenol A (BPA) used to fabricate polycarbonate plastic and resins. BPA has recently received considerable attention due to its endocrine disrupting activity and possible toxic environmental and health impacts [1] [2] [3] [4] . The use of BPA as the condensation agent with Egyptian corncobs was investigated [5] . The optimum preparation conditions and characterization of bisphenol A Egyptian bagasse pith polycondensation products and corncobs have been reported [5] . The chemical analysis and IR spectroscopy have shown that bisphenol A Egyptian corncobs (BPACC) resin has a complicated structure. The resin structure includes furan and lignin hydrolysate units. They are present in a random alternation in the resin chains. IR spectroscopy of soda lignin/bisphenol resin shows the presence of aliphatic methyl, methylene, O-CH 3 , and strong OH groups [6] .
A growing interest has been noted in employing the space charge limited current (SCLC). It is a powerful tool for study of conduction phenomenon in insulators [7, 8] . It has been successfully used in obtaining general information about the localized defect states in the forbidden gap. The charge injected into the insulator in response to an applied voltage using a constant voltage source is trapped at localized defect. The presence of the trapping sites in the forbidden gap strongly affects the current-voltage (I-V) and current-time (I-t) characteristics of the material. The form of (I-V) characteristics depends on the type of distribution of traps [8, 9] . The magnitude of the current flow is reduced due to trapping effect [7, 10, 11] . The appearance of SCLC regime is inhibited until a sufficiently large field is applied. The transition from ohmic behavior to an SLCC regime depends markedly on the distribution of the trapping energy levels.
Bisphenol A corncobs resin has semicrystalline structure [6] , its amorphous regions act as traps with energy levels different from these of the crystalline regions. The presence of impurities, dislocation, cracks, etc within the BPACC sample may give rise to these energy levels. These levels act as electron trapping and operative for all pure and impure polymers [11] . Moreover, the impurities as well as the polar groups of the BPACC structure will affect the bulk current. Since the conduction mechanism of the polymeric sample depends on the applied electric field, it is important to study the Poole-Frenkel mechanism of conduction in BPACC. The aim of this work is to investigate the variation of dc current for BPACC sample as a function of time and the applied voltage at different temperatures. Therefore, transient current I-t, I-V characteristics, and dc conductivity for the investigated sample were carried out.
Experimental
BPACC was prepared by adding the powder of corncobs to the bisphenol A in the weight ratio 1:1 (5 g of each) together with 0.566 g mole HCl/50 ml and maintaining at 95˚C -100˚C for 8 hr. The product was cooled and neutralized with 0.1 of ammonium hydroxyl solution. The sample was washed with a diluted acetic acid (30%) to remove any bisphenol molecules. The polycondensate was washed with hot water and allowed to dry. The dry resin was ground to a powder. The chemical structure of BPACC is shown in Figure 1 . A tablet of the investi- The dc electrical current was measured by a Keithly 485 auto ranging picoammeter (Cleveland, OH, USA). The temperature of the sample was measured by a k-type thermocouple connected to a degi-sense digital thermometer (USA) with an accuracy ±1. For ohmic contacts, the surface of the samples was coated with silver paste. Figure 2 illustrates the time dependence of dc current for BPACC sample at different applied electric fields (E p ) of 1, 3, 5 and 7 kV/cm, forward direction, and at 300 K. It is clear that, dc current of the investigated sample decreases with the increase of the applied electric field. Also, the dc current, at E p = 3 kV/cm, decreases with the increase of the time up to 3 min and then increase again with the time up to 10 min. After 10 min the current of BPACC sample exhibits a saturation value for the time interval from 10 to about 48 min. Similar curves were obtained at the applied electric field at 5 and 7 kV/cm. The increase of the dc current for BPACC with time at constant applied voltage can be interpreted as follows: the application of electric field for a long time on the investigated sample has a chance to generate different types of free carriers or to orient the dipolar groups such as phenyl, methyl and methylene ones of BPACC structure [1, 6] . Then a competitive growth in the conduction mechanisms between these carriers can be obtained. This causes the increase of the current value of the investigated sample. After 15 min from the application of the electric field on the BPACC sample, the current exhibits approximately constant value. At this moment the applied electric is able to orient all the dipolar groups within the polymeric material. Figure 3 shows the transient current curves for BPACC sample at 300 K and at different applied electric fields of 1, 3, 5 and 7 kV/cm with the reverse polarities. It can be seen that, the dc current exhibits a saturation region, for the dc current value, at each value of E p . The saturation value of the dc current of BPACC sample is established for a long time interval about 60 min at E p = 7 kV/cm, The saturation value of the transient current for BPACC sample can be interpreted as follows: before the application of the applied electric field with the reverse polarities on the BPACC sample, the most dipolar groups of the sample have the same direction of the forward electric field. When we apply the electric field with the reverse polarities, the two methyl and O-CH 3 groups had a maximum potential energy. So, these polar groups have an influence on the flexibility for the movements of the lateral groups. These intermolecular movements increase the chaotic thermal oscillations of the side groups [12] . This means that, the polar groups such as phenyl ones have a high relaxation time to attain the new direction of the electric field. This is the reason for the emergence of the stable value of the dc current for BPACC sample.
Results and Discussion

Transient Current
Figures 4 and 5 depict the transient current curves of BPACC sample for forward and reverse polarities of the electrodes, respectively at E p = 3 kV/cm and at different temperatures of 300, 330 and 360 K. It is observed that, the values of dc current decrease with the increase of temperature. Also, the breadth of the saturation region of the transient current decreased with the increase of the temperature from 300 to 330 K. At 360 K the saturation region of the dc current completely disappeared. This is due to the thermal agitation of the polar groups which attached to the main chain of BPACC structure. This energy enables the dipolar groups such as methyl phenyl and O-CH 3 groups to overcome the direction of the applied electric field. In addition, the thermal energy will increase the lateral movements of methyl, O-CH 3 and phenyl groups. So, the increase of the chaotic motion and the steric volume phenyl groups lead to decrease the value of the dc current [6, 11] . clear that, the dc current decreases with the increase of the temperature. At 300 K and 330 K the dc current of the investigated sample exhibits approximately constant value with the increase of the applied electric filed. This can be discussed as follows: the reduction of the dc current with the increase of the ambient temperature was assigned to the scattering of the free carriers when it migrates within the sample. In addition, the steric effect of the phenyl groups of BPACC plays an important role in this process. At 300 K and 330 K, the increase of the applied electric field on the investigated sample enhances the lateral movements inside the sample. The lateral movements do not occur without a correlated motion of art of the main chain or without a charge of conformap tion of neighboring lateral groups. These intermolecular movements hinder reorientation and lengthen the relaxation time of the polar groups of BPCC smple [6, 13] . The methyl and methylene groups have an influence on the flexibility of the ionic groups in the free volume of BPACC. Then, the scattering of the charge carriers is expected because of the repulsive force among phenyl, aliphatic methyl, and methylene groups of the sample. This interprets the appearance of the saturation value of the dc current. However, at 360 and 380 K, I-V characteristics have two regions, one at low voltages with slope approximately 1 (i.e. IV) and the other at higher voltages with slope approximately 2 (i.e. IV 2 ). At the first region, the conduction is ohmic due to the intrinsic conductivity of the material. This indicates that the thermally activated free carriers controlled the current of BPACC sample. So, the current density can be estimated according to the thermo-ionic emission function [14] :
I-V Characteristics
where m is a quantity factor, k is the Boltzmann's constant, e is the charge of the electron, V is the applied voltage, T is the absolute temperature and J s is the saturation current density. I-V characteristics of insulators at different temperatures show a fairly well defined transition voltage. The slope of logarithmic plots increases with the increase of the applied voltage. Such behavior suggests an ohmic manner below the threshold voltage and a SCLC trend for higher voltage levels. According to this theory the current flow is given by [8] :
where μ is the electric mobility of the free carrier, E(x) is the electric field and n(x) is the concentration of the free thermally activated carriers at position (x) in conduction band (CB). The current voltage dependence at the second region can be interpreted by SCLC theory. Such dependence leads to conclusion that the conduction mechanism of BPACC is due to SCLC dominated by a discrete trapping level. The band model is used to justify the mechanism of charge transport through the polymeric material. For this model the localized energy states were assumed to be uniformly distributed in energy state within a range of the energy gap. Moreover, the localized states are due to the lack of order were considered as trapping level. These localized states arise from impurities, dislocation, crack, etc. within the BPACC sample [15, 16] . Then, the current flow in the second region obeys the equation [10, 17] :
where ε is the electric permittivity, μ o is the free carrier mobility in CB, d is the thickness of the sample, V is the transition voltage between the ohmic and the square region and θ is the trapping parameter. The latter can be considered to be the ratio between the density of free electrons (n o ) in CB to the total density of electrons (n o + n t ) where n t is the density of the trapped electrons. Experimentally, θ is the ratio the current densities at beginning (J 1 ) and the end of the rise (J 2 ) thus [9] :
The free carrier mobility (μ o ) could be obtained from Equation (3) the calculated values of θ and μ o are listed in Table 1 . The equilibrium concentration of charge carriers in CB is achieved by [9] :
It was found that when the trap level exists, the electron mobility is reducing by 1/θ, and the effective electron drift mobility (μ e ) in insulator with trap is:
The trap concentration N t can be obtained by [9, 15] :
where V TFL is the voltage at trap field limit. The values of n o , μ e and V TFL are calculated see Table 1 .
From another point of view, at 360 and 380 K, the interpretation of the conduction mechanism from the experimental data may be done by using the measure of the slope of ln(I) versus V 1/2 as in Figure 7 . The plot shows a linear behavior with appreciable deviation from linearity at lower electric field and at higher temperatures of 360 and 380 K. This is attributed to accumulation of space charge at the electrodes [18] . These data can be fitted to the relation [19] :
where β is a constant characteristic of the conduction mechanism.
The linear behavior of ln(I) versus V 1/2 plot points to a conduction mechanism in which the charge carriers are released by thermal activation over a potential barrier [18, 20] that is decreased by the applied electric field. The physical nature of such a potential barrier can be interpreted in two ways. It can be the transition of electrons over the barrier between the cathode and the dielectric, Richardson-Schottky emission. Alternatively, charge carrier can be released from the traps into BPACC, PooleFrenkel effect. To know the actual conduction mechanism, the experimental values of β were calculated from the slope of ln(I) versus V 1/2 plot. The theoretical value of β was deduced from the relation [21] :
where  o ,  RS and  PF are the electric permittivity of the free space, and the field-lowering coefficients of the Richardson-Schottky and the Poole-Frenkel, respectively. The experimental and theoretical values of β RS and β PF at 360 K and 380 K are listed in Table 2 . We notice that, at 360 and 380 K, the experimental values of β consistent with the theoretical values of β PF . Therefore, one can suggest that the dominant conduction mechanism for BPACC is Poole-Frenkel type at higher temperature.
Dc Conductivity
The temperature dependence of dc conductivity ln(σ) versus 1000/T for BPACC sample is shown in Figure 8 . It is observed that, ln(σ) of the investigated sample exhibits two straight regions (I and II). These two regions correspond to lower and higher temperature within 3.5 -3.2 K -1 and 3 -2.8 K -1
, respectively. The behavior of dc conductivity in regions (I and II) can be described according to Arrhenius equation [17, 22] :
where σ o is constant, E a is the activation energy. The values of activation energy E a , for region I and II, are 0.3 eV and 1.5 eV, respectively. The data of E a in region I and II indicate that the ionic conduction mechanism is assumed to be effective in the second region II, while the electronic conduction one is predominant for the region I. This means that the conductivity of BPACC sample in region I depends mainly on the type of free carriers present in the sample. These carriers can be obtained by breaking weakly bonded ions inside the skeleton of BPACC sample or the electrons injected from the electrodes [11, 20, 23] . This agrees with what we assumed earlier, at 300 and 330 K, the conduction mechanism depends on the free carriers within the BPACC sample. Figures 2-6 reveal that, at 300 and 330 K, the dc current for BPACC sample exhibits approximately constant value for I-t for the time interval about 60 min at E p = 7/kV/cm. Moreover, it has a saturation value with the change of the applied voltage on the investigated sample from 10 to 940 V. The outcome results of this work give a good signal for its use in the field of the electrical applications. 
Conclusions
Transient current, I-V characteristics, and dc conductivity for BPACC sample were analyzed. Electrical measurements of the investigated sample show that, the dc current has a peculiar behavior for I-t and I-V characteristics. Transient current of BPACC sample exhibits approximately constant value at constant electric field. Also, dc current of the investigated sample for I-V characteristics has a saturation value at lower temperatures. At higher temperatures, I-V regime reveals that the current of the sample exhibits two regions one due to ohmic conduction and the other is attributed to SCLC. The ionic conduction mechanism was assumed to be the main conduction mechanism at higher temperatures. The electronic conduction has been established at lower temperatures. The value of the dc current for I-t and I-V characteristics has a good stability with passage of time and the change of the applied voltage, respectively.
